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Abstract  
With increasing demand for high speed and high power density gear applications, the 
need to optimise gears for minimum stress, noise and vibration becomes increasingly 
important. ISO 6336 contact and bending stress analysis are used to determine the 
surface load capacity and tooth bending strength but dates back to 1956 and although 
it is constantly being updated, a review of its performance is sensible. Methods to 
optimise gear performance include the selection of helix angle and tooth depth to 
optimise overlap ratio and transverse contact ratio and thus the performance of ISO 
6336 and tooth contact analysis methods requires confirmation. This paper reviews 
the contact and bending stress predicted with four involute gear geometries and 
proposes recommendations for stress calculations, including a modification to contact 
ratio factor Zε which is used to predict contact stress and revisions to form factor YF 
and helix angle factor Yβ which are cited to evaluate bending stress. The results suggest 
that there are some significant deviations in predicted bending and contact stress 
values between proposal methods and original ISO standard.  However, before the 
ISO standard is changed, the paper recommends that allowable stress numbers 
published in ISO 6336-5 are reviewed because the mechanisms that initiate bending 
and contact fatigue have also changed and these require updating. 
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Introduction 
Gears are important parts of industrial equipment, and widely used in automotive, 
mechanical engineering, aerospace and other industries. With the development of 
modern industrial technology, gears with large load carrying capacity, higher 
operating speed and high power density are increasingly in demand. Thus, it is critical 
to find an effective and reliable approach to make good gear design decisions.  
Contact and bending stress analysis are used in the determination of surface load 
capacity and tooth bending strength [1, 2]. Contact and root bending fatigue are 
considered to be two main contributors for the gear teeth failure [3]. So gear stress 
analysis has been highly concerned about. Hertz equation based on elasticity theory 
serves as a basis for the calculation of contact stress. Cantilevered beam bending 
theory is adopted by gear bending stress analysis. Many gear analysis standards are 
based on these analysis methods, including for example ISO standards and AGMA 
standards [4]. The standards calculate safety factors based on permissible stress 
(usually from ISO 6336-5:2003) and calculated stress for the subject gears. The 
permissible stresses are calculated from allowable stresses [5].  These were 
determined by testing gears manufactured from typical gear steels and gear finishing 
processes prior to the publication of the 1st version of the standard in 1996 [6]. 
ISO 6336 gear stress analysis standard is used worldwide to demonstrate fitness for 
purpose in most gear applications including many safety critical applications such as 
cranes, aerospace applications and automotive applications.  It is thus very important 
that safety factors are realistic.  It should be noted that minimum safety factors are 
not specified in the standard but these are to be determined, based on application 
and operational experience.  This means that change to ISO 6336 standards should 
not be undertaken without careful consideration because of this implication to gear 
manufacturers and power transmission business in general. 
In recent years, finite element analysis is widely used to evaluate gear stress, resulting 
in an abundance of published research [7, 8], however finite element analysis for gear 
stress requires an experienced FEA engineer, extensive testing to validate the 
methodology, a method to determine permissible stresses and this process takes very 
long time.  In addition, analytical Tooth Contact Analysis (TCA) method, using two-
dimensional (2D) and three-dimensional (3D) stiffness modelling, is used to predict 
bending stress, contact stress, Transmission Error (TE) and other gear performance 
parameters.  This method can consider the effect of geometry errors and micro 
geometry tooth corrections and thus optimise the geometry of gears. Software from 
Dontyne Systems Ltd ‘Gear production Suite’ (GPS) has been used for the study 
reported in this paper.  It includes an implementation of ISO 6336  standard and also 
has both a 2D thin slice analytical TCA model and GATES (Gear Analysis for 
Transmission Error and Stress), which uses a 3D finite element (FE) analysis for tooth 
stiffness calculation and a 2nd stage TCA to evaluate gear performance parameters [9].  
Most gear design processes use a combination of ISO 6336, TCA and FEA models to 
develop a reliable high performance gears. 
It cannot be expected that TCA and ISO 6336 analysis methods give identical results 
because TCA and FEA models allow far more influence factors to be considered. 
However, in our opinion the trends should be similar and the faster ISO 6336 analysis 
should not result in designers making wrong choices as gear geometry is refined during 
the design process to improve power density. 
This paper studied the influence of contact ratio factor Zε and helix angle β on the valid 
calculation of contact and bending stress, respectively, in order to propose a 
recommendation for stress calculations and try to find a more effective and reliable 
method to design gears. The work was undertaken following the bending failure of 
contact fatigue 20⁰ helix test gears at Newcastle University, as illustrated in Figure 1. 
The calculated ISO 6336 safety factors for these gears were SH=0.93 for contact fatigue 
and SF=1.35 for bending fatigue at 4000 Nm torque. After examining the failure modes, 
it was decided that the gears would need to be redesigned to avoid this type of failure 
mode in the future. 
 Figure 1 Premature failure of a helical test gear by bending fatigue 
Contact and bending stress calculation methods 
Contact stress calculation 
In the case of involute gears, the contact stress equations in ISO 6336-2:2006 [1] based 
on Hertz theory are given in Appendix 1. The safety factors for pinion and wheel are 
calculated from contact stress σH1 and σH2 and permissible stress σHP.  
This paper will focus on one of the influence parameters that effect the valid 
calculation of contact stress σH1 and σH2, namely Zε the contact ratio factor, which 
takes into account the influence of the transverse contact and overlap ratio on the 
surface load capacity. Calculation of the contact stress is based on a virtual face width 
bvir instead of the actual face with,  
Where,  
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The determination of contact ratio factor based on ISO 6336:2-2006 is as follows. 
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It is the opinion of the authors that changing the maximum contact stress with a factor 
related to contact ratio factor Zε is wrong although some consideration of the load line 
length is probably necessary. Take spur gears with transverse contact ratio 1≤εα<2 for 
example, the virtual face with is equal to actual face width. So the contact ratio factor 
should be equal to 1.0 and not be changed with transverse contact ratio changing. 
 A modification for contact ratio factor equal to 1.0 is proposed, and the proposal 
method and the original ISO method will be investigated in this paper.  
Bending stress calculation 
In the case of involute gears, the bending stress equations in ISO 6336-3:2006 [2] 
based on cantilevered beam bending equation are given in Appendix 2. 
One result from this analysis method is that as the helix angle is increased, the gear 
bending stress calculated by ISO 6336 reduces and thus the safety factors are higher, 
which means the load capacity of the gear set is increased.  Analysis work from [10] 
published internally in TC60 WG6 N1040 (TC60 WG6 is the working group which 
develops gear stress analysis standards) suggests this is not correct and they proposed 
a modified analysis method. In the proposed calculation method an extended helix 
angle factor Yβ’ and an extended form factor YF’ are used. 
The helix angle factor Yβ, which compensates for the fact that the bending moment 
intensity at the tooth root of helical gears is, as a consequence of the oblique lines of 
contact, less than the corresponding values for the virtual spur gears used as bases for 
calculation.  It is calculated based on ISO 6336:3-2006 as follows. 
𝑌𝛽 = 1 − 𝜀𝛽
𝛽
120°
                                                                                                                         (3)                                                                                          
Yβ is <1.0 when β≠0 and when β>30⁰, β=30⁰ and when overlap ratio εβ>1, εβ=1. 
The extended helix factor Yβ’ considers the proper tooth depth of helical gears. The 
factor is calculated according to the following equation. 
𝑌𝛽
′ = 𝑌𝛽
1
𝑐𝑜𝑠3𝛽
                                                                                                                 (4) 
The form factor YF, which takes into account the influence on nominal tooth root stress 
of the tooth form with load applied at the outer point of single pair tooth contact. It 
is predicted by ISO 6336:3-2006 in following equation. 
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The symbols used in above equation are illustrated in Figure 2. 
 
Figure 2 Determination of normal chordal dimension SFn of tooth root critical section 
and bending moment arm hFe (from reference [2]) 
The extended form factor YF’ is corrected by the additional factor fε.  
𝑌𝐹
′ = 𝑌𝐹𝑓𝜀                                                                                                                                    (6) 
The factor fε considers the influence of load distribution between the teeth in the 
mesh. The factor is calculated according to the following equations. 
If εβ=0 and εαn<2 then 
fε =1                                                                                                                                            (7) 
If εβ=0 and εαn≥2 then 
fε =0.7                                                                                                                                        (8) 
If 0<εβ<1 and εαn<2 then 
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If εβ≥1 then 
𝑓𝜀 = 𝜀𝛼𝑛
−0.5                                                                                                                                (11) 
The proposed method and the original method has been tested in the work reported 
in this paper. 
TCA: GATES analysis for gear contact and bending stress 
GATES (Gear Analysis for Transmission Error and Stress) which originally developed 
and experimentally validated at Design Unit, Newcastle-Upon-Tyne, UK is now 
developed by Dontyne Systems Ltd. It is an FE based analysis package, using a full 3D 
FEA stiffness model to estimate the gear stiffness as the 1st stage and a 2nd stage tooth 
contact analysis to estimate the load distribution, stress, transmission error and other 
functional parameters.  Its primary function is to optimise gear performance by 
applying good macro gear geometry design strategy and specifying micro geometry 
corrections to maximise gear performance and robustness.  
The GATES model is developed in two stages: 
1. A full 3D FEA to establish the gear stiffness matrix. The FE model of sample 
spur gear in GATES is represented in Figure 3. This requires the definition of 
the gear macro geometry, diameter of bore or shaft at gear and torque path, 
rotation directions (CW or ACW) and whether the wheel is driving or pinion is 
driving. If those geometry is unchanged, it requires running only once and 
takes typically 5 to 15 minutes to run. Post-processing the FEA compliance data 
into a series of curves for compliance and stress is performed, thus defining 
the compliance of any point on the tooth surface.  
2. A TCA that includes load conditions, gear geometry errors, mounting errors 
and detailed micro geometry. This takes typically one minute to run to 
determine the contact stress, bending stress and other functional parameters.  
Typically 32 steps per base pitch are evaluated.  The results are output in 2D 
and 3D plots which can be evaluated and interpreted by the gear designer.  A 
batch evaluation feature allows the designer to perform a systematic 
evaluation of the robustness of a proposed design without manual 
intervention.    
 Figure 3  The FE model of sample spur gear in GATES 
The contact stress is calculated in GATES - TCA by using the predicted contact load and 
the radius of curvature using a 2D Hertz contact stress analysis, similarly to the ISO 
6336 method, except the contact load is calculated from the TCA.  The bending stress 
is determined in GATES - TCA is also similar to ISO 6336 standard, except the load 
calculated from TCA and compressive stress considered. Direct comparisons between 
the ISO and GATES contact and bending stress numbers are thus reasonable. 
Test gear geometry specification 
In this study, four sets of gear pairs have been investigated. They are spur gear and 
helix gears with helix angle of 18.3, 26.1, and 33.4 degrees to get an integer overlap 
ratio εβ. Gears with overlap ratio (ԑβ) equal 1.0 are commonly used by designers 
because of their advantages of smaller transmission error and obtaining quieter gears 
[11, 12]. It is more practical significance to study these gears. The geometry 
parameters of these four gear sets have been summarised in Table 1.    
To ensure consistency referring to the gears having the same load intensity Ft/b, gears 
are applied to different input torque as presented in Table 1.  Note that the face width 
of gears is small to minimise body elastic effects on load distribution.  The speed was 
set at a nominal 200 rev/min to minimise the influence of dynamic factor kv on the 
results. Geometry deviations and misalignment are not considered in this analysis and 
assumed to zero. 
To ensure the results are valid, proper tip relief will be applied to minimise the effect 
of non-conjugate contact and provide a realistic estimation of bending and contact 
stress. Tip relief is applied to minimise the peak contact stress at start and end of 
active profile and minimise noise and vibration during service. Its effect on ISO 6336 
calculation procedures is that it modifies the dynamic factor kv value only. In the 
examples, the speed is low to minimise dynamic effects in the ISO analysis. The quasi 
static TCA model properly accounts for the change in load intensity and effects the 
mesh stiffness (by considering the gap created by the tip relief and the tooth 
deflection). On spur and helical gears, tip relief also changes the load line length as the 
gears proceed through each mesh cycle. 
The tip relief for all analysis examples was specified to minimise TE and non-conjugate 
contact by applying parabolic tip relief starting from the highest point of single tooth 
contact and extending to the tip. Parabolic relief shape was chosen to minimise the 
effect of high contact stress in TCA models at the blend between tip relief and involute 
region. The amount of tip relief was determined by calculating the nominal mesh 
deflection for the specified load intensity using the ISO-calculated mesh stiffness 
values. Tip relief values are specified in Table 1. The TCA results discussed later are 
influenced by tip relief strategy but the method used is commonly applied by industry 
and has been consistently applied to all the gears. 
Table 1  Gear parameters for spur and helix gears 
 Spur gear 
β=0⁰ 
Helical gear 
β=18.3⁰ 
Helical gear 
β=26.1⁰ 
Helical gear 
β=33.4⁰ 
parameter pinion wheel pinion wheel pinion wheel pinion wheel 
No. of teeth 32 33 32 33 32 33 32 33 
normal 
Module(mm) 
3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 
normal 
Pressure angle 
(degree) 
20 20 20 20 20 20 20 20 
Face width (mm) 20 20 35 35 25 25 20 20 
Tool tip ρfp/mn 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 
Tooth height 
h/mn 
2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 
Overlap ratio 0 1.0 1.0 1.0 
Quality grade 6 6 6 6 
Speed(r/min) 200 200 200 200 
Torque T1 (Nm) 500 921.64 695.982 598.929 
Results and Discussion 
A 3D analytical TCA - GATES from Dontyne Systems Ltd was compared with the ISO 
6336 results for bending stress at the 30⁰ tangent and contact stress near mid face 
width.  
In addition, extended calculation method of the tooth root load capacity of spur and 
helical gears from TC60 WG6 N1040 [10] and a proposed correction to the contact 
ratio factor (Zε=1) are also considered.  
The results of contact and bending stress for different helix angle gears represented 
in Table 1 have been summarized in Table 2 and Table 3 respectively and also have 
been plotted in Figure 4 and Figure 5.  
Table 2  Contact stress for different gear pairs calculated by different methods 
Maximum contact 
stress(MPa) 
Spur gear 
β=0⁰ 
Helical gear 
β=18.3⁰ 
Helical gear 
β=26.1⁰ 
Helical gear 
β=33.4⁰ 
ISO 1183.1 1039.4 1034.4 1020.7 
GATES without tip relief 1366.7 1399.2 1376.9 1363.1 
GATES with tip relief 1368.7 1176.4 1106.5 1139.8 
ISO with Zε=1.0 1342.9 1296.0 1241.8 1163.8 
Table 3  Bending stress for different gear pairs calculated by different methods 
Maximum bending 
stress(MPa) 
Spur gear 
β=0⁰ 
Helical gear 
β=18.3⁰ 
Helical gear 
β=26.1⁰ 
Helical gear 
β=33.4⁰ 
ISO 360.3 303.6 273.3 250.8 
GATES with tip relief 330.5 296 307.5 341.6 
TC60 WG6 N1040 360.3 271.7 286.3 323.4 
 
   
Figure 4  Contact stress plot for different gear pairs by different methods 
  
Figure 5  Bending stress plot for different gear pairs by different methods 
Contact stress results 
Table 2 and Figure 4 show contact stress values from the various methods, they show: 
1. The ISO 6336 results show that the contact stress reduces from 1183.1 to 1020.7 
MPa as the helix angle increase from 0 to 33.4⁰, while with contact ratio factor 
equal to 1.0, the contact stresses change from 1342.9 to 1163.9 MPa. It is 
obviously, that current ISO 6336 give too small contact stresses. This means the 
current ISO6336 calculation for contact stresses is on the unsafe side 
2. The GATES 3D FEA and TCA results show that non conjugate contact occurring 
beyond the start and end of active profiles, as illustrated in Figure 6 taking 26.1⁰ 
helix gears for example, influences the peak stress calculated by this method.  
When tip relief is applied the high contact stress occurring beyond the start and 
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end of active profiles are removed, as illustrated in Figure 7 taking 26.1⁰ helix gears 
for example. The peak contact stress values calculated by GATES without and with 
tip relief for 26.1⁰ helix gears ranging between1376.9MPa and 1106.5MPa are 
predicted. Thus, in this paper, to ensure the results are valid, tip relief is applied 
to the gears. 
3. There are some reasons why differences exist between the two solutions: 
a. For spur gear with 1≤εα<2, the virtual face width is equal to actual face 
width b, the actual minimum line of contact for full face contact is a single 
face width,  so contact ratio factor should be equal to 1.0.   
b. But for ISO 6336 standard, the contact ratio factor for spur gear with1≤εα<2 
is determined by equation (2) which is less than 1.0.  
c. For GATES analysis, although its basic theory to predict contact stress is 
based on ISO 6336, the calculation of contact ratio factor is according to 
the actual contact load predicted by TCA, the minimum line of contact is 
single facewidth, so the contact ratio factor is equal to 1.0     
d. So for spur gear, the ratio of  contact stress by ISO standard and by GATES 
is similar to contact ratio factor Zε.  
e. For helical gears with tip relief have the same tendency as the spur gears. 
f. The ISO analysis with Zԑ=1.0 clearly shows much better correlation with the 
GATES contact stress values.   
4. Figure 4 also shows that contact stress obtained from GATES with tip relief is 
similar with the results derived from the proposed correction method for contact 
ratio factor equal to 1, the maximum deviation is 10%. 
  
Figure 6 Contact stress for 26.1⁰ helix gear from GATES without tip relief 
 
 
 
Figure 7  Contact stress for 26.1⁰ helix gear from GATES with tip relief 
 
Bending stress results 
Table 3 and Figure 5 show the bending stress results for spur gears and helical gears.  
They show: 
1. The ISO 6336 analysis trend is that the predicted bending stresses for helix gears 
reduce from 303.6MPa to 250.8MPa or by 17% with increasing helix angle from 
18.3⁰ to 33.4⁰. This trend would encourage designers to specify higher helix angle 
to improve load capacity. 
2. The revision proposal from TC60 WG6 N1040 shows that the strong correlation 
between bending stress and helix angle showed in ISO standard is removed. For 
higher helix angle gears, the bending stress is also higher, the predicted bending 
stresses for helix gears increase from 271.7MPa to 323.4MPa or by 19% with helix 
angle changing from 18.3⁰ to 33.4⁰.  So selecting higher helix angle to increase 
tooth bending strength is not a good choice.  
3. By comparing the bending stress values determined by ISO and N1040, it is obvious 
that the ISO gives too small bending stresses for high helix angles, which means 
the ISO bending stress calculation for high helix angle gears is on the unsafe side. 
4. With tip relief, GATES bending stress characteristic is reasonably flat, without the 
trend obviously in the ISO analysis.  The bending stress varies between 296 and 
341.6 MPa with helix angle changing from 18.3⁰ to 33.4⁰.   But it should be 
recognised that changing tip relief values can make significant differences in 
maximum bending stress number. 
5. The bending stresses obtained from GATES with tip relief has the same tendency 
with TC60 WG6 N1040, which is for helix gears, the higher of helix angle, the lager 
of bending stress. And the values are also similar, the maximum deviation is 9%.  
Conclusions 
From the numerical results presented in this paper, the following conclusions can be 
drawn. 
1. Contact and bending stresses obtained from GATES (3D-TCA) are in good 
agreement with ISO calculations with a modification to Zԑ calculation method 
proposed and the revision proposal from TC60 WG6 N1040. 
2. ISO 6336-2 analysis underestimates the contact stress because of using contact 
ratio factor less than 1.0. In the range of investigation, contact stresses determined 
by ISO standard are always less than the results obtained from GATES.  If contact 
ratio factor is corrected to 1.0, the maximum deviation in ISO contact stress 
compared to GATES results (with tip relief) is 10%. 
3. As the helix angle is increased, the gear bending stress calculated by ISO 6336 
reduces, which is in contrast with the results from the TC 60 WG6 N1040 and the 
GATES analysis. It is obviously that ISO6336-3 gives too small bending stress for 
gears with high helix angle, this mean that ISO bending stress calculation for gears 
with high helix angle is on the unsafe side.  
4. The tendency of bending stress for increasing helix angle according to TC 60 WG6 
N1040 and GATES with tip relief is the same, and their bending stress values are 
also similar, the maximum deviation is 9%.    
5. It is very important to note that more accurate stress analysis methods are only 
useful if the permissible stress from ISO 6336-5:2003 properly reflect the capability 
of modern gear steel cleanliness, heat treatment performance and failure modes 
and thus it recommended that the value should be reviewed. 
6. Stress numbers obtained by ISO 6336 analytical analysis methods will always be 
different from those obtained by FEA and TCA methods. However to ensure that 
appropriate decisions regarding macro gear design are made, the ISO 6336 
method should be reviewed and revised. 
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Appendix 1 
The ISO 6336 standard contact stress 
In the case of involute gears, the contact stress equation in ISO 6336-2:2006 based on 
Hertz equation is given as follows: 
 𝜎𝐻0 = 𝑍𝐻𝑍𝐸𝑍𝜀𝑍𝛽√
𝐹𝑡
𝑑1𝑏
𝑢+1
𝑢
                                                                                                 
 𝜎𝐻1 = 𝑍𝐵𝜎𝐻0√𝐾𝐴𝐾𝑉𝐾𝐻𝛽𝐾𝐻𝛼                                                                                            
 𝜎𝐻2 = 𝑍𝐷𝜎𝐻0√𝐾𝐴𝐾𝑉𝐾𝐻𝛽𝐾𝐻𝛼                                                                                            
     σH0    is the nominal contact stress at the pitch point, which is the stress induced                  
in flawless (error-free) gearing by application of static nominal torque; 
    ZB       is the pinion single pair tooth contact factor of the pinion, which converts        
contact stress at the pitch point to the contact stress at the inner point of 
single pair tooth contact on the pinion; 
     ZD     is the single pair tooth contact factor of the wheel, which converts contact 
stress at the pitch point to contact stress at the inner point of single pair tooth 
contact of the wheel; 
       KA     is the application factor, which takes into account the load increment due to 
externally influenced variations of input or output torque.  Realistic data to 
develop a proper duty cycle for the gear design is still rare and thus designers 
simply use values that have worked acceptably on previous designs. 
       KV    is the dynamic factor, which takes into account load increments due to 
internal dynamic effects.  This factor is not properly estimated because ISO 
6336 does not consider the complete transmission system; 
       KHβ   is the face load factor for contact stress, which takes into account uneven 
distribution of load over the face width, due to mesh misalignment caused by 
inaccuracies in manufacture, elastic deformations, etc.  Reviews of gear 
designs carried out by Design Unit suggest this value is often underestimated; 
       KHα    is the transverse load factor for contact stress, which takes into account 
uneven load distribution in the transverse direction resulting, for example, 
from pitch deviation; 
       ZH    is the zone factor, which takes into account the flank curvatures at the pitch 
point and transforms tangential load at the reference cylinder to tangential 
load at the pitch cylinder and thus is dependent on the subject gear geometry; 
             𝑍𝐻 = √
2𝑐𝑜𝑠𝛽𝑏𝑐𝑜𝑠𝛼𝑤𝑡
𝑐𝑜𝑠𝛼𝑡
2 𝑠𝑖𝑛𝛼𝑤𝑡
                                                            
       ZE     is the elasticity factor, which takes into account specific properties of the 
material, modulus of elasticity E1, E2 and Poisson's ratios ν1, ν2; 
                𝑍𝐸 = √
1
𝜋(
1−𝑣1
2
𝐸1
+
1−𝑣2
2
𝐸2
)
                                                   
       Zε     is the contact ratio factor, which takes into account the influence of the 
effective length of the lines of contact and is the subject of discussion in this 
paper; 
𝑍𝜀 =
{
 
 
 
 
 
 
 
 
√
4 − 𝜀𝛼
3
              𝑓𝑜𝑟 𝑠𝑝𝑢𝑟 𝑔𝑒𝑎𝑟
√
4 − 𝜀𝛼
3
(1 − 𝜀𝛽) +
𝜀𝛽
𝜀𝛼
          𝑓𝑜𝑟 ℎ𝑒𝑙𝑖𝑐𝑎𝑙 𝑔𝑒𝑎𝑟 𝑤𝑖𝑡ℎ 𝜀𝛽 < 1
√
1
𝜀𝛼
                                           𝑓𝑜𝑟 ℎ𝑒𝑙𝑖𝑐𝑎𝑙 𝑔𝑒𝑎𝑟 𝑤𝑖𝑡ℎ 𝜀𝛽 ≥ 1
 
    
      Zβ       is the helix angle factor, which takes into account influences of the helix angle, 
such as the variation of the load along the lines of contact.  This factor was 
changed in 2008 and𝑍𝛽 = √𝑐𝑜𝑠𝛽.  For helical gears the latest revision means 
Zβ >1.0; 
                𝑍𝛽 =
1
√𝑐𝑜𝑠𝛽
 
       Ft     is the nominal tangential load, the transverse load tangential to the reference 
cylinder; 
       b      is the face width; 
      d1      is the reference diameter of pinion; 
       u      is the gear ratio=Z1/Z2. For external gears u is positive, and for internal gears 
u is negative. 
Appendix 2 
The ISO 6336 standard bending stress 
In the case of involute spur and helical gears with a rim thickness SR>0.5ht  for external 
gears and SR>1.75mn for internal gears, the bending stress equation in ISO 6336-
3:2006 based on cantilevered beam bending equation is given as follows: 
 𝜎𝐹0 =
𝐹𝑡
𝑏𝑚𝑛
𝑌𝐹𝑌𝑆𝑌𝛽𝑌𝐵𝑌𝐷𝑇                                                                                                      
 𝜎𝐹 = 𝜎𝐹0𝐾𝐴𝐾𝑉𝐾𝐹𝛽𝐾𝐹𝛼   
 σF0    is the nominal tooth root stress, which is the maximum local principal stress         
produced at the tooth root when an error-free gear pair is loaded by the 
static nominal torque and without any pre-stress. 
     YF     is the form factor, which takes into account the influence on nominal tooth 
root stress of the tooth form with load applied at the outer point of single 
pair tooth contact; 
       YS    is the stress correction factor, which takes into account the influence on 
nominal tooth root stress, determined for application of load at the outer 
point of single pair tooth contact, to the local tooth root stress, and thus, by 
means of which, are taken into account; 
i). the stress amplifying effect of change of section at the tooth root, and 
ii). the fact that evaluation of the true stress system at the tooth root critical 
section is more complex than the simple system evaluated; 
       Yβ     is the helix angle factor, which compensates for the fact that the bending 
moment intensity at the tooth root of helical gears is, as a consequence of 
the oblique lines of contact, less than the corresponding values for the virtual 
spur gears used as bases for calculation.  Yβ is <1.0 when β≠0 and when β>30⁰, 
β=30⁰ and when overlap ratio εβ>1, εβ=1; 
𝑌𝛽 = 1 − 𝜀𝛽
𝛽
120°
 
       YB     is the rim thickness factor, which adjusts the calculated tooth root stress for 
thin rimmed gears;  
      YDT    is the deep tooth factor, which adjusts the calculated tooth root stress for 
high precision gears with a contact ratio in the range of 2<εαn<2.5.  This factor 
does not make much logical sense but Palmer [8] studied this and concluded 
that despite this the stress numbers were realistic.   
     KFβ      is the face load factor for tooth root stress, which takes into account uneven 
distribution of load over the face width, due to mesh misalignment caused by 
inaccuracies in manufacture, elastic deformations, etc.  Reviews of designs by 
Design Unit suggest this is commonly underestimated; 
     KFα      is the transverse load factor for tooth root stress, which takes into account 
uneven load distribution in the transverse direction, resulting, for example, 
from pitch deviation. 
